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INTRODUCTION 


The  Naval  Civil  Engineering  Laboratory  (NCEL)  has  developed  and 
tested  a  prototype  Energy  Data  Mobile  Laboratory  (EDML)  housed  in  a 
specially  designed  truck/van.  Reference  1  provided  an  overview  of  the 
EDML.  This  Technical  Note  describes  the  EDML,  outlines  its  capabilities 
and  method  of  operation,  provides  information  on  testing,  and  discusses 
the  potential  for  operational  EDMLs .  The  prototype  EDML  vehicle  was 
transferred  to  the  Naval  Energy  and  Environmental  Support  Activity 
(NEESA)  in  September  1981. 

Requirements 

The  energy  conservation  program,  along  with  the  mandates  to  develop 
alternative  sources  of  energy,  creates  a  demand  for  detailed  and  accurate 
measurement  of  utility  consumption  and  for  collection  of  meteorological 
data  at  Navy  shore  installations.  Every  aspect  of  the  search  for  solutions 
to  the  energy  problem  is  dependent  upon  data  that  is  current  and  supportable 
obtaining  optimum  utilization  of  current  utilities,  determining  where  to 
apply  concentrated  conservation  efforts,  analyses  of  alternative  systems 
and  sources,  feasibility  studies  of  energy  monitoring  and  control  systems, 
and  project  justifications  are  examples  that  require  these  data. 

While  measurement  of  existing  utility  consumption  and  demand  condi¬ 
tions  is  of  immediate  concern  to  shore  activities,  the  collection  of 
data  for  the  study  of  alternative  energy  sources  is  of  longer  range 
importance.  Solar  energy  and  wind  powered  generation  systems  are  currently 
the  dominant  alternative  sources  under  investigation.  However,  until 
recently  there  has  been  no  need  to  collect  solar  or  wind  data  on  a 
localized  basis.  Of  the  26  National  Weather  Service  SOLMET  network 
stations,  only  six  provide  data  applicable  to  Navy  shore  activities; 
consequently,  there  is  a  need  to  measure  solar  radiation.  Further,  to 
investigate  potential  uses  of  wind  powered  systems  it  is  necessary  to 
collect  wind  data  at  specific  sites.  Due  to  surface  features  and  land 
contours,  regional  data  usually  are  not  adequate. 

Given  the  necessity  to  collect  data  on  energy  utilization  and 
meteorological  data,  there  are  requirements  to  be  met  to  ensure  the 
effort  is  economical  and  the  data  are  reliable.  Experience  in  the  NCEL 
Energy  Program  (Ref  2  and  3)  suggests  certain  criteria  for  field  measure¬ 
ment  of  energy  data: 

•  Collect  the  data  with  the  least  labor  expenditure  possible. 

Since  much  of  the  data  collection  extends  over  long  periods, 
the  system  should  be  designed  to  be  unattended.  Automation  and 
remote  control  quickly  pay  for  themselves  in  labor  savings.  A 
secondary  benefit  is  that  the  fewer  the  people  involved  between 
the  source  of  measurement  and  the  final  user  of  the  data,  the 
less  the  chance  of  human  error. 
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•  Provide  mobility  and  ease  of  installation  to  the  measurement 
package  so  data  may  be  collected  wherever  required.  A  few  sets 
of  instrumentation  may  serve  many  sites,  and  labor  savings  are 
accrued  in  connecting  and  disconnecting  instruments. 

•  Provide  uniformity  and  comparability  in  utilities  measurement 
throughout  the  shore  establishment.  Avoidance  of  development 
of  instrumentation  and  methodology  by  each  Engineering  Field 
Division  is  an  additional  benefit. 

Objectives 

The  requirements  discussed  lead  to  the  following  overall  objectives 
of  the  EDML  program: 

•  Develop  a  cost  effective  method  to  measure  and  collect  site 
specific  data  on  energy  consumption,  insolation,  wind  speed 
and  direction,  and  other  meteorological  data  consistent  with 
the  required  criteria  of  minimum  labor,  maximum  mobility,  and 
ease  of  installation. 

•  Develop  optimum  instrumentation  packages,  configuration  design, 
and  a  data  acquisition  system  for  field  use  throughout  the  Naval 
shore  establishment. 

•  Test  the  design  under  actual  conditions  to  demonstrate  achieve¬ 
ment  of  the  objectives. 

The  NCEL  objective  has  been  to  operate  and  maintain  the  prototype 
EDML  in  furtherance  of  the  above  objectives  through  the  collection  oi 
energy  and  meteorological  data  at  sites  representing  a  variety  of  missions 
and  environments  in  support  of  Navy  energy  R&D  programs. 


PROTOTYPE  EDML 
Description 

Outfitting  and  in-service  operational  testing  of  the  EDML  were 
performed  by  NCEL.  At  the  completion  of  the  testing,  some  of  the  ap¬ 
paratus  was  removed  from  the  vehicle,  and  it  was  transferred  to  other 
use.  The  description  in  the  following  paragraphs  applies  to  the  intact 
prototype  EDML  in  operational  configuration. 

The  prototype  mobile  laboratory  was  developed  around  a  commercial 
truck-chassis  with  a  specially  designed  van  (Figures  1  through  10).  The 
interior  contains  96  square  feet  of  working  space.  One  inside  wall 
contains  a  large  input-output  panel  (Figures  4,  5,  and  6)  into  which 
instrumentation  sensors  feed  for  direct  measurement  of  buildings  and 
distribution  system  utilities  consumption  and  flows.  The  van  interior 
also  houses  an  electrical  power  monitor  for  direct,  real-time  measure¬ 
ment  of  consumption,  and  the  equipment  necessary  for  recording  and 
transmitting  all  data  acquired.  The  equipment  is  listed  in  Table  1  and 
further  discussed  in  following  paragraphs. 
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The  vehicle  contains  an  auxiliary  battery  power  supply  that  is 
trickle-charged  hy  a  roof-mounted  photovoltaic  array  (Figures  2,  4,  and 
6).  This  array  may  be  used  on  the  road  and  as  a  tilt-up  panel  on-site. 

The  battery  system  is  capable  of  providing  approximately  12  hours  of 
standby  power  through  two  power  inverters  delivering  up  to  1500  watts. 

A  hot  water,  flat-plate  solar  collector  panel  is  also  mounted  on 
the  roof  to  measure  insolation  in  any  attitude  from  horizontal  to 
vertical  (Figures  2,  5,  and  8).  This  collector  serves  as  the  source  of 
heat  for  the  van  interior  through  a  hot  water  tank  heat  exchanger-fan 
system  (Figure  5). 

The  vehicle  tows  a  trailer-mounted,  tilt-up  65-foot  telescoping 
tower.  Meteorological  data  collection  instruments  are  mounted  on  the 
tower  at  the  measurement  site.  The  trailer  is  a  Wea the rmea sure  Corporation 
model  20-CHD  with  WM-65  tower  and  roadability  equipment.  The  tower  was 
extensively  modified  by  NCEL.  Details  are  given  in  Figures  3,  6,  7,  9, 
and  10. 

Instrumentation 


There  are  three  basic  instruments  used  to  take  electric  measurements: 

•  The  kilowatt  meter  will  perform  two  primary  functions;  measure 
the  amount  of  power  being  supplied  to  the  load  and  the  total 
energy  consumed  during  any  time  period.  Either  of  these  measure¬ 
ments  is  available  at  any  time.  The  connection,  a  clamp-on 
current  transformer,  greatly  simplifies  the  installation.  Com¬ 
plete  monitoring  of  operation  is  included  with  front  panel  LED 
warning  lamps.  It  can  handle  large  voltage  and  current  input 
ranges  with  no  switching  necessary.  The  meter  incorporates  a 
battery  to  provide  back-up  power  that  insures  data  will  not  be 
lost  if  the  power  is  lost. 

•  Wherever  current  readings  are  required,  clamp-on  ammeters  are 
used.  The  meter  is  based  on  the  splitcore  transformer  principle 
and  raw  measurements  are  processed  with  micro-miniaturized 
electronics  integrally  mounted  with  the  transformer.  Direct 
analog  readings  are  output  for  input  to  the  datalogger. 

•  Photoelectric  Meter  Reader.  Watt-hour  meters  have  a  marker  on 
the  rim  of  the  rotating  disk  to  visually  identify  power  consump¬ 
tion.  The  photoelectric  Meter  Reader/Transmitter  used  with  EDML 
is  attached  to  the  glass  cover  of  a  meter  and  "reads"  the  marker 
on  the  disk  through  interruptions  of  the  constant  signal  being 
transmitted.  Consumption  data  is  accumulated  by  a  count  of  the 
interruptions.  The  device  used  to  accumulate  the  output  of  the 
Meter  Reader  is  the  pulse-to-voltage  converter.  This  instrument 
is  designed  with  state-of-the-art  technology  for  precision  con¬ 
version  of  accumulated  pulses  into  a  representative  analog 
voltage.  The  analog  voltage  may  be  displayed  on  an  optional 
panel  meter.  The  pulse-to-voltage  converter  is  designed  to  be 
addressed  directly  from  the  address  bus  of  the  datalogger. 
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In  addition  to  the  above,  Table  1  lists  the  major  instruments  and 
equipment  utilized  with  the  prototype  EDML;  components  1  through  4  are 
in  order  of  readiness  upon  set  up  at  a  site,  components  5  through  10  are 
in  the  sequence  of  information  flow  from  detection  to  transmission,  and 
item  11  provides  processing  and  control  features. 

Table  2  provides  information  on  some  of  the  sensor  systems  utilized. 

Capabilities  and  Operation 

The  EDML  has  the  capability  of  obtaining  the  following  data: 

•  Consumption  in  major  electrical  circuits;  current  and  power 
measurements . 

•  Temperature  and  air  flow  in  ducts. 

•  Steam  flow  rate. 

•  Interior  temperatures. 

•  Other  types  of  consumption,  flow  rates,  and  temperatures  as 
required  to  measure  energy  consumed  in  space  heating  and  cooling, 
industrial  processes,  etc. 

•  Wind  speed  and  direction. 

•  Horizontal  and  latitude  insolation. 

•  Ambient  exterior  dew  point  temperature  and  ambient  interior 
relative  humidity. 

Sensors  and  other  measurement  devices  can  be  connected  to  energy 
outlets  of  several  adjacent  buildings  simultaneously.  Data  from  the 
sensors,  properly  conditioned,  are  fed  into  a  40-channel  datalogger  with 
digital  output  that  interfaces  with  a  tape  cassette  recorder.  The 
recorder  feeds  an  interactive  terminal  with  a  stand-alone,  remotely 
controlled  telephone  modem  that  allows  the  recorded  data  to  be  queried 
by  telephone  from  a  compatible  terminal,  or  to  be  input  directly  to  an 
on-line  computer. 

The  telescoping  tower  can  be  raised  to  a  height  of  65  feet  without 
detachment  from  the  vehicle.  Wind  and  other  environmental  data  are  read 
directly  into  the  van.  A  wind  generator  simulation  system  driven  by  a 
separate  cup  anemometer  is  available  to  assist  in  analysis  of  local  wind 
characteristics . 

Testing 

The  prototype  EDML  is  a  research  tool  for  the  exploratory  develop¬ 
ment  of  measurement  techniques  and  evaluation  of  instrumentation.  The 
design  was  influenced  by  the  requirements  for  flexibility  and  innovation 
in  the  comparison  of  alternative  techniques  under  differing  conditions. 
The  mobile  laboratory  was  tested  at  Naval  Air  Station,  Point  Mugu;  Naval 
Station,  San  Diego;  and  in  the  San  Francisco  Bay  area  in  conjunction 
with  public  works  organizations  at  those  locations. 
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The  prototype  was  deployed  to  Naval  Support  Activity,  Treasure 
Island,  from  September  1978  to  January  1979.  Solar,  wind,  temperature 
and  humidity  data  were  collected  and  transmitted  from  the  unattended 
EDML  to  NCEL  over  telephone  lines  on  demand  from  NCEL.  Standby  battery 
charge  was  maintained  by  the  photovoltaic  array  which  was  monitored  by 
the  data  system.  Set  up  of  the  van  equipment  and  tower  required  two 
people,  but  take  down  was  accomplished  by  one  person. 

Table  3  contains  a  sample  of  meteorological  data  collected.  Transi¬ 
ent  air  currents  change  the  direction  of  wind  velocity  sensors  in  between 
the  hourly  observations  of  zero  wind  speed.  The  data  logger  merely 
reads  and  records  what  is  there  at  the  time  indicated.  Humidity  of  the 
interior  of  the  EDML  was  taken  because  of  the  assemblage  of  sensitive 
electronic  instrumentation  installed.  Exterior  dew  point  measurements 
were  taken  also  at  other  times. 

From  July  1980  to  September  1981,  the  unit  was  tested  at  Mare 
Island  Naval  Shipyard,  Vallejo.  The  intensity  of  industrial  functions 
at  this  activity  provided  significant  electrical  measurements  which  will 
te  the  subject  of  a  future  Technical  Memorandum. 

These  tests  aided  in  development  of  measurement  techniques,  shake- 
down  of  the  prototype  vehicle,  and  testing  of  instruments  for  accuracy, 
appropriateness  and  reliability.  The  basic  concepts  of  the  EDML  including 
the  automatic,  remotely  controlled  data  acquisition  system  have  been 
demonstrated.  Subsequently,  the  prototype  EDML  vehicle  was  transferred 
to  the  Naval  Energy  and  Environmental  Support  Activity  in  September 
1981.  NCEL  has  retained  the  meteorological  tower  and  trailer  in  support 
of  the  R&D  energy  program. 


OPERATIONAL  EDMLs 

The  prototype  vehicle  has  demonstrated  the  effectiveness  of  such 
vans  to  support  Engineering  Field  Divisions  and  Public  Works  Centers/ 
Departments  through  flexible,  rapid,  low  cost  gathering  of  energy  data. 
The  design  resulting  from  the  prototype  will: 

•  Provide  labor,  time  and  cost  savings  by  eliminating  a  large  part 
of  the  disconnect/ reconnect  and  pack/unpack  of  instruments  with 
each  move  from  building  to  building  and  base  to  base. 

•  Eliminate  the  need  for  a  secure  air-conditioned  space  at  each 
site. 

•  Provide  rapid  set  up  and  take  down  at  each  site. 

•  Provide  maximum  automation  from  measurement  through  processing  of 
the  data,  further  reducing  personnel  time  and  costs. 

Operational  Scenario 

An  operational  scenario  for  either  energy  consumption  and/or 
meteorological  data  collection  may  be  as  follows: 
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•  Typically  the  EDML  van  will  be  driven  from  its  central  location 
to  the  site  to  be  monitored  for  either  energy  consumption  data  or 
meteorological  data. 

•  Once  on  site  the  photovoltaic  array  and  the  hot  water  solar 
collector  panel  will  be  activated  to  provide  a  secure  and 
temperature-controlled  environment . 

•  If  ambient  meteorological  data  is  to  be  monitored,  the  trailer- 
mounted  telescoping  tower  with  its  meteorological  instrumentation 
package  will  be  erected.  The  interconnecting  telemetry  cable 
from  the  meteorological  instruments  will  plug  into  the  cable 
receptacle  of  the  van  to  feed  the  EDML  recording  instruments. 

The  operator/technician  will  then  run  a  test  simulation  to 
determine  if  the  meteorological  instruments  and  the  EDML  recording 
instruments  are  all  calibrated  and  functioning  correctly.  Upon 
completion  of  the  test,  the  unit  may  be  placed  in  automatic  mode 
(if  connected  to  an  appropriate  telephone  line)  and  secured.  If 
the  location  is  too  remote  for  a  telephone  tie,  the  tape  storage 
mode  of  recording  and  a  scheduled  collection  of  tapes  will  be 
implemented. 

•  If  energy  consumption  data  is  to  be  monitored,  the  voltage  and 
current  probes  from  the  EDML  will  be  attached  to  the  primary 
or  secondary  side  of  the  transformer  feeding  the  particular 
facility  and  the  data  recorded.  To  measure  steam  consumption, 
steam  lines  serving  the  facility  must  be  hot  tapped  to  receive 
EDML  insertion  flow  meters.  Reference  4  discusses  this  procedure. 
Normally  at  an  active  installation  with  either  a  Public  Works 
Center  or  Department,  the  installation  of  the  probes  would  be 
accomplished  by  local  personnel.  All  energy  consumption  connections 
to  the  EDML  go  through  an  input-output  panel. 

Drawings  of  the  EDML 

Engineering  drawings  and  specifications  for  the  mobile  laboratory 
are  included  as  Figures  2  through  10. 

•  Figure  2:  CEL  Drawing  79-5- IF,  Energy  Data  Mobile  Laboratory 
(EDML).  This  is  a  right  side  elevation  of  the  vehicle  and 
housing  showing  the  location  of  steel  reinforcements ,  trailer 
hitch,  heavy  duty  bumper,  solar  (roof)  panels  and  the  roof  access 
ladder;  all  NCEL  designed  and  specified  modifications. 

•  Figure  3:  CEL  Drawing  79-5-2F,  EDML  Meteorological  Trailer. 

With  orthographic,  plan,  and  right  elevation  views  of  the  trailer, 
this  drawing  depicts  the  major  NCEL  modifications  to  the  instru¬ 
mentation  tower/trailer. 

•  Figure  4:  CEL  Drawing  79-5-3F,  EDML  Exterior  Plan  with  Connecting 
Interior  Views.  All  exterior  plan  and  elevation  views  and  their 
relation  to  the  general  interior  layout  and  furnishings  are 
illustrated. 
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•  Figure  5:  CEL  Drawing  79-5-4F,  EDML  Interior  Elevations  and 
Plan  View.  Details  and  dimensions  of  the  interior  cabinet  work, 
chairs,  solar  hot  water  heater  system,  and  instrumentation  shock 
mount  assemblies  are  shown. 

•  Figure  6:  CEL  Drawing  79-5-5F,  EDML  Accessories.  Dimensions  and 
details  of  the  meteorological  spider  assembly  (for  the  tower), 
the  exterior  view  of  the  connector  panel,  the  solar  electric 
chair,  and  adapters  for  the  tower  tilt  and  elevating  winches  are 
shown. 

•  Figure  7:  CEL  Drawing  79-5-6F,  Cable  Reel  Housing.  Details  and 
dimensions  of  the  NCEL  designed  and  constructed  cable  reel 
housing  and  mounted  winches  are  shown. 

•  Figure  8:  CEL  Drawing  79-5-7F,  EDML  Solar  Panel  Support  (Waier). 
Dimensions  and  details  of  the  solar  hot  water  collector  panel 
and  associated  panel  are  shown  with  specifications. 

•  Figure  9:  CEL  Drawing  79-5-8F,  Modified  EDML  (Tri-Ex  Tower)  TR-7 
HDO  Trailer  with  65'  Tower.  Mast  supports,  guides,  cable  sheave, 
sheave  bracket  and  assembly  are  depicted  with  dimensions  and 
specifications . 

•  Figure  10:  CEL  Drawing  79-5-9F,  EDML  Trailer,  Reel,  Tower  Guy 
Wire.  Details  and  specifications  for  the  guy  wire  reel  and  guy 
wire  assemblies  are  shown. 

Costs 


Based  on  the  engineering  drawings  and  specifications  developed  by 
NCEL,  the  approximate  cost  of  an  EDML  is  $20,000  for  the  vehicle  plus  a 
minimum  of  $30,000  for  instruments  and  equipment.  NCEL  can  assist  in  an 
analysis  of  the  most  cost  effective  number  of  vans  and  their  equipment. 
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Figure  8-  EDM1.  so!ai  panel  support  (water). 
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